ABSTRACT. To clarify the effect of nutritive conditions on changes in immune cells in Japanese Black (JB) calves during the growth period, leukocyte populations were analyzed in ten healthy JB calves managed in one herd. The calves were divided into two groups: five calves in Group 1 were given insufficient nutrition, and the other five calves in Group 2 received adequate nutrition. The levels of serum total cholesterol and glucose were significantly lower in Group 1 than in Group 2 at 1 month. The numbers of CD3 + , CD4 + and CD8 + cells tended to be lower in Group 1 than in Group 2 at months 1 and 2, and the difference in CD4
Feeding management affects the growth and health of young calves. Above all, malnutrition is well known as a critical factor that influences immunocompetence and leads to altered immune response and higher risk of contracting many diseases. Poor nutrition can affect the rate and severity of subjectively determined infectious disease in calves [8] .
Japanese Black (JB) beef cattle are a well known improved breed in Japan, and it is recognized that they can become sickly and weak during the postnatal period. Therefore, suitable management of feeding and sanitation is important for calves, as are vaccination programs for improvement of immune function. Chandra [3] suggested that dietary factors might play a critical role in host resistance to disease. In the case of protein energy malnutrition, calves had significantly lower body weight, lymphocyte interleukin-2 activity and lymphocyte proliferation [9] . These findings indicated that feeding programs are also closely associated with the development of the immune system in calves. Although malnourishment influences the lymphocyte population in human children [2, 14] , the relationship between nutritive conditions and leukocyte populations in JB calves has not been clarified. The object of this study was to evaluate the influence of nutrient sources on changes in leukocyte populations in healthy JB calves.
The rates of sufficiency of feed content, such as the percentages of total digestive nutrition (TDN) and crude protein (CP) in two groups were evaluated according to the Japanese feeding standard for beef cattle. Ten healthy Japanese Black (JB) calves about two weeks old were used in this study. All calves were given good quality hay and commercial livestock feed (TDN;77%, CP;19%) during the observation period. The calves were divided into two groups. Group 1 calves (N=5) were given milk substitute (TDN; 114%, CP; 25%) twice a day, and Group 2 calves (N=5) were given the same milk substitute three times a day during the observation period. The feed volume in Group 1 calves was not complete during the observation period. Namely, the percentages of TDN and CP in Group 1 were 96.0 and 93.8 respectively at month 0, and 96.9 and 90.5 at month 2. In Group 2, the percentages of TDN and CP were 120.0 and 117.2 respectively at month 0, and 121.7 and 110.2 at month 2.
For hematological, biochemical and immunological analysis, blood samples were collected from the external jugular vein about 3 hr after first receiving milk. Analyses of blood samples were performed at the ages of 1 to 2 weeks (month 0), and then after months 1 and 2. Serum samples were used to measure the serum total cholesterol (T-cho), blood urea nitrogen (BUN), albumin, alpha, beta and gamma-globulin concentrations, and a plasma sample with sodium fluoride was tested for glucose (Glu). The concentrations of serum IgG1 and IgG2 were measured by the single redial immunodiffusion method (ME, Ins, Furukawa, Japan). Blood films were stained with Giemsa and 200 WBC were differentiated. The absolute leukocytes count was determined by multiplying the WBC by the observed percentage of lymphocytes or monocytes from the different counts.
Analysis of leukocyte populations was performed and data on cytograms were examined by previously reported methods [12] . The primary antibodies used and a description of the working solutions are given in Table 1 . There were two type of fluorescence strength in MHC class-II positive cells. We analyzed these cells, individually, and evaluated them as MHC class-II + low (mostly monocytes) or MHC class-II + high (B cells) [6] .
Lymphocyte blastogenesis reactions were performed as described previously [16] . In this reaction, phytohemagglutinin (PHA; SIGMA, ST. LOUIS, MO, U.S.A.) was used as the mitogen.
The mean values and standard errors of clinical and laboratory data were calculated. Differences between two groups were evaluated by Student's t-test, and values for p<0.05 were regarded as significant.
Laboratory data for the two groups are shown in Table 2 . There were no significant differences in the levels of Ht, Tp, serum albumin, alpha, beta, gamma-globulin, IgG 1 , IgG 2 and BUN between the two groups during the observation period. The serum T-cho level in Group 2 increased from month 1 to month 2, but the increase in Group 1 was slight. There was a significant difference in the T-cho level between Group 1 and Group 2 at months 1 and 2. The glucose level in Group 1 was significantly lower than that in Group 2 at month 1. The number of WBC in Group 1 was significantly lower than that in Group 2 at month 0. In both groups, the number of PBMCs peaked at month 1, and the number was significantly lower in Group 1 than in Group 2 at months 1 and 2. The number of granulocytes in Group 1 tended to be higher than that in Group 2 during the observation period, and the difference was significant at month 2. There was no noticeable difference between the two groups in lymphocyte blastogenesis reaction by PHA during the experiment period.
The numbers of CD3 + , CD4 + and CD8 + tended to be lower in Group 1 than in Group 2 during the observation period, and a significant difference in the numbers of CD4 + cells was observed between the two groups at month 2. There was no significant difference in the number of WC1 + between the two groups during the observation period. The number of MHC class-II + low cells in Group 1 was significantly higher than that in Group 2 at month 0. In Group 1, the number of MHC class-II + high remained low during the observation period, and no significant difference was observed at months 1 and 2 (Table 3) .
In healthy humans, the number of T lymphocytes peaked in infancy, followed by a gradual decline into adulthood [10] , thus it is important to establish the normal values at various ages. A previous investigator has examined lymphocyte populations in peripheral blood from healthy calves [1] , but the effects of different nutritional regimens have not been examined in JB calves.
The results of the biochemical analyses in Group 2 calves are consistent with those of a previous study of healthy JB calves [13] . Our findings with regard to the leukocyte population, and changes in CD3 T cells in Group 2 calves were similar to previous reports that T cells peaked about age 1 month in healthy JB calves [12] . On the other hand, significantly lower values for T-cho and Glu were detected in Group 1. This indicates that the feeding management of Group 1 calves was insufficient. Although there were no significant differences in the reaction of lymphocyte prolif- eration and concentrations of serum IgG 1 and IgG 2 between two groups, the numbers of lymphocytes tended to be lower in Group 1 calves than in Group 2. Calves with protein energy malnutrition reportedly had significantly lower body weight, decreased lymphocyte interleukin-2 activity and less lymphocyte proliferation [9] . In healthy cats under experimental food deprivation, there were decreases in the number of lymphocytes, CD4 + percentage and mitogen stimulated reaction [7] . Our results appeared to demonstrate that a nutritious diet also influences development of the lymphocyte population in calves.
Protein-energy malnutrition results in lower numbers and reduced functions of T-cells and phagocytic cells. Malnourished infected children were reported to have fewer memory T cells than a well-nourished infected group [11] . Proteinenergy malnutrition is one of the causes involved in immunodeficiency in these children. Mice with a calorie restricted diet displayed a significant depletion in the cell numbers in all four major thymocyte populations defined by CD4 and CD8 expression [15] . Data from the current study suggest that the division and differentiation of T cells in the thymus may be reduced in malnourished calves.
Although we investigated the leukocyte population in healthy JB calves under experimentally malnourished conditions, none of the malnourished calves suffered from an infectious disease during the observation period. It is well known that malnourished children are more susceptible to infection [4, 14] . If our experimental calves had experienced a more serious degree of malnutrition, they might have became more susceptible to various infectious diseases after immune suppression.
Implementation of infection-prevent programs by administering viral respiratory vaccines and various long-acting antibiotics to calves have been shown to reduce the economic losses associated with infection [17] . The present study indicated that calves with malnutrition might have a higher risk of onset of infectious disease. Therefore, we suggest that maintaining an appropriate environment, including proper feeding management, should be an important element in programs for prevention of infectious disease in calves.
